We report the isolation of noz1, a novel zebra®sh zinc ®nger gene which displays sequence similarity to Drosophila nocA. noz1 transcripts are detected at the shield stage within the germ ring and excluded from the most dorsal region. By the end of gastrulation, noz1 is expressed in the presumptive hindbrain and spinal cord as well as in the forming tailbud. During somitogenesis noz1 shows a dynamic expression in the midbrain-hindbrain boundary, hindbrain and spinal cord. This results, at 24 hpf, in a graded expression with the highest level in rhombomeres 2 and 3, and the lowest in the spinal cord. Expression analysis in swirl and chordino mutants as well as in retinoic acid treated embryos indicate that noz1 is activated by BMP antagonists and neural posteriorizing signals. q
Results and discussion
Over the past 20 years, comparative analysis of gene structure, expression and function in different animal systems has highlighted a surprising evolutionary conservation of molecular mechanisms controlling basic developmental processes. This prompted us to search for vertebrate homologues of nocA, a Drosophila zinc ®nger protein expressed in the neuroectoderm and involved in brain and ocelli development (Cheah et al., 1994) . We describe here noz1 (nocA related zinc ®nger 1), a zebra®sh gene encoding for a 590-amino-acid polypeptide which displays sequence similarities with Drosophila nocA and a human protein of unknown function (genbank accession number AK024361) (Fig. 1) .
noz1 transcripts are ®rst detected by whole-mount in situ hybridization at 50% epiboly as a weak semicircle of staining in the forming germ ring (data not shown). This pattern is maintained at shield stage when the hybridization signal becomes stronger ( Fig. 2A ) and the gap of expression coincides with the shield, where goosecoid is expressed (Fig.  2B) . As gastrulation proceeds, noz1 expression domain broadens along the animal-vegetal axis and the previous gap in the shield closes (Fig. 2C ). This early expression pattern is reminiscent of hoxb1b expression (Alexandre et al., 1996 , formerly called Hoxa-1, see Amores et al., 1998) . By 90% epiboly noz1 expression has further extended and encompasses the region fated to give rise to the posterior neural plate (Woo and Fraser, 1995) as well as the vegetal blastoderm margin (Fig. 2D,D H ). In the presumptive neural plate noz1 expression is characterized by a reduced level in the dorsal midline, marked by axial expression in double in situ hybridization (Fig. 2D,G) , and by a sharp anterior boundary which lies posterior to the midbrain-hindbrain boundary, highlighted by pax2.1 expression in Fig. 2F . Sagittal sections show that noz1 is expressed exclusively in the epiblast and in the non-involuted blastoderm margin while no expression is observed in the hypoblast (Fig. 2E) . The bud stage is characterized by the ®rst appearance of two bilateral anterior bands of expression (Fig. 2H , arrowhead). The intensity of these bands increases when the embryo reaches the 1-somite stage (Fig. 2I,I H , arrowhead) and by the three-somite stage they have fused medially to form a single transverse stripe (Fig. 2J, arrowhead) . After the six-somite stage the expression level of this domain begins to decline and is no longer detectable by 24 hpf. Double in situ hybridizations with noz1 and pax2.1 at various stages of development show that this anterior expression domain coincides with the midbrain-hindbrain (Fig. 2M ,N and data not shown) and that noz1 is expressed in this region later than pax2.1 (Fig. 2D H ,F,H). To better de®ne noz1 expression in the hindbrain we used krox20 as a marker of rhombomere 3 and 5 in double in situ hybridizations. At the six-somite stage, noz1 transcripts in the hindbrain are detected at the highest level in regions that will give rise to rhombomere 2, 3 and 4 (Fig. 2K ,L,Y). More posterior rhombomeres display a much lower expression while no expression is found in rhombomere 1. By the 14-somite stage, noz1 displays a gradually decreasing intensity of expression along the hindbrain with the highest levels in rhombomeres 2 and 3 and the lowest in rhombomeres 6 and 7 ( Fig. 2O,P,Y) . This expression pattern in the hindbrain is maintained until 24-hpf (Fig. 2Q±S,U,Y) . Comparing noz1 and hox gene expression in the hindbrain, it is worth noting that noz1 is expressed up to rhombomere 2, a region where only hoxa2 is expressed . Posterior to the hindbrain, noz1 is expressed in the spinal cord and in the tailbud. The spinal cord expression domain is in continuity with the hindbrain expression, shows a diffuse posterior boundary and its expression level declines during somitogenesis (Fig. 2H±S) . The tailbud expression appears at bud stage and remains in the tip of the forming tail until 24-hpf. Analysis of noz1 expression at 36-hpf shows that while the hindbrain expression is maintained, the spinal cord expression has been remarkably downregulated and the tip of the tail no longer expresses noz1 (Fig. 2V) . Since noz1 and the 
Within this region, noz1 shares 84% of amino acids identity with the human protein and 56% with nocA. On the contrary, the CCHC motif described for Drosophila nocA (nocA aa 337±355) does not appear to be conserved in noz1 and in the human protein.
hox genes share several expression similarities, we wondered whether noz1, like the hox genes, is regulated by retinoic acid (RA). Following RA treatment we observed, at shield stage, an ectopic expression of noz1 in the shield, an expansion of the germ ring expression, and a diffuse expression in the animal hemisphere (Fig.  3A,B) . At 100% epiboly, RA-treated embryos showed a generalized ectopic noz1 expression that covers the entire epiblast (Fig. 3C,D) . In normal embryos noz1 transcripts display an asymmetrical distribution along the dorsoventral axis at the end of gastrulation (Fig. 2D H ). To examine if noz1 is regulated by factors controlling the establishment of the dorso-ventral axis, we analyzed noz1 expression in mutants where the BMP gradient has been perturbed. In the dorsalized swirl mutant, where the bmp2b gene is inactivated (Kishimoto et al., 1997) , noz1 transcripts are expanded ventrally and show a symmetrical distribution along the dorso-ventral axis (Fig. 3E±H) . On the other hand, ventralized chordino mutants, lacking the BMP antagonist chordin (Schulte-Merker et al., 1997), show a suppression of the lateral-ventral expression of noz1 in the presumptive neuroectoderm, while the expression in the blastoderm margin remains unchanged (Fig. 3I±  L) . In conclusion, noz1 displays a dynamic expression partially controlled by BMP antagonists. The comparable expression of noz1 and anterior hox genes as well as their activation by RA, suggest a similar involvement of these factors in hindbrain patterning. 
Methods

Isolation of noz1
A tBlastn search identi®ed the zebra®sh EST clone AI877872 as a nocA-related cDNA. After sequencing the EST clone, a primer (5 H -TGTGCTTTTCAGCGAGCT-CATGCC-3 H ) was designed on the 3 H UTR and used in a 5 H RACE reaction (SMART RACE cDNA Ampli®cation Kit, Clontech) with 24-hpf zebra®sh cDNA. The ampli®ed DNA was cloned into a TA-cloning vector (pGEM-T Easy Vector, Promega). Double strand sequencing of four independent clones showed that they were identical and included the full coding region of noz1. The GenBank accession number of noz1 is AY026937.
Whole-mount in situ hybridization and RA treatment
Whole-mount in situ hybridization was performed as described in Toyama et al. (1995) . RA treatment was performed incubating embryos in 10 26 M RA starting from 40% epiboly until shield stage or 100% epiboly, when embryos were collected and ®xed. 
